Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. 
T H I S R E P O R T summarizes goals
DA is a quantitative approach to optimally combine models and observations. The combination is usually consistent with model and data uncertainties, which need to be represented. Ocean DA can extract maximum knowledge from the sparse and expensive measurements of the highly variable ocean dynamics. The ultimate goal is to better understand and predict these dynamics on multiple spatial and temporal scales, including interactions with other components of the climate system. There are many applications that involve DA or build on its results, including: coastal, regional, seasonal, and inter-annual ocean and climate dynamics; carbon and biogeochemical cycles; ecosystem dynamics; ocean engineering; observing-system design; coastal management; fi sheries; pollution control; naval operations; and defense and security. These applications have different requirements that lead to variations in the DA schemes utilized. For literature on DA, we refer to Ghil and Malanotte-Rizzoli (1991) , the National Research Council (1991), Bennett (1992) , MalanotteRizzoli (1996) , Wunsch (1996) , Robinson et al. (1998) , Robinson and Lermusiaux (2002) , and Kalnay (2003) . We also refer to the U.S. Global Ocean Data Assimilation Experiment (GODAE) workshop on (Rienecker et al., 2001 ); U.S. National Oceanic and Atmospheric Administration-Offi ce of Global Programs (NOAA-OGP) workshop on Coupled Data Assimilation (Rienecker, 2003) ;
Global Ocean Data Assimilation: Prospects and Strategies
and, NOAA-NASA-NSF workshop on Ongoing Analysis of the Climate System (Arkin et al., 2003) .
WORKSHOP GOALS
To help the planning of sustained DA research, NSF and ONR requested a synthesis of current efforts and major research directions, including strategies for transitioning research results into 
Monthly to Daily Time Scales
Mesoscale ocean dynamics-the internal weather of the sea-is highly energetic, 
Interdisciplinary Processes
Physical, biogeochemical, hydrological, 
PRESENT STATUS OF OCEAN DATA ASSIMILATION
The workshop presentations included presentations on DA systems and new projects. These presentations are summarized below.
DA Systems
The goal of the HYbrid Cordinate Ocean
Model (HYCOM, which is part of GODAE) multi-institution partnership is to develop and apply eddy-resolving, real-time global and basin-scale prediction systems using HYCOM and to transition these systems to the U.S. Navy and NOAA (Chassignet et al., this issue).
As part of HYCOM, a Hybrid Ocean
Modeling Environment (HOME) will be developed and several ocean DA systems will be implemented and utilized. The fi rst operational assimilation system will be a multivariate optimum interpolation Th e global NCOM model assimilates altimeter SSH and satellite SST and is operational at NAVOCEANO. Global NCOM is the baseline system for all future Navy ocean DA developments (Barron et al., 2006) . European collaborations (e.g., MERSEA, 
New Research Projects
The Ensembles can be generated from initial Figure 5 . Schematic of the architecture of the Littoral Ocean Observing and Prediction System (LOOPS/Poseidon) (Patrikalakis et al, 2006) . Remote compute and data resources, as well as adaptive observation systems, are connected to users through the use of grid computing middleware. Simulations and forecasts can be driven from a web browser and a portal gateway to the grid. Metadata for the software are written and utilized for web access. Ocean DA is carried out using the Harvard Ocean Prediction System (HOPS) and Error Subspace Statistical Estimation (ESSE). Th e repository for the metadata of ocean data and the manager of storage resources for keeping track of fi le locations are colored in light blue to indicate that they have not been developed. 
SOFTWARE

RECOMMENDATIONS AND SYNTHESIS OF PLENARY DISCUSSIONS
Plenary discussions and working groups identifi ed major issues, emerging challenges, and future directions for ocean DA research and operations. These discussions and reports were synthesized to lead the following set of major and immediate recommendations.
I. Ocean and Climate Sciences and Operations
Foster • Oceanic-atmospheric-land processes.
Coupled DA will be essential for accurate simulations of such processes (e.g., CO 2 sequestration in the ocean). system (e.g., for biological thin-layer dynamics) and acoustical modeling (e.g., for monitoring).
• Ocean synthesis and reanalysis.
Ocean-state and parameter estimation via DA are carried out in several pilot settings, employing a variety of approaches and using the available data as constraints. Results will continue to be improved over the years to come, but many of such synthesis and reanalysis products are of suffi cient quality to be used for scientifi c studies.
II. Hypotheses Testing and Uncertainty
Foster hypothesis-testing DA research to evaluate and improve models, estimate data and model uncertainties, and assess results.
• Model testing (model-data comparisons). Prior to DA, the underlying numerical model must be tested with respect to its skill in simulating observed ocean structures. This work is important for model improvement and is now an element of most large DA efforts. However, a detailed evaluation of the prior misfi ts in terms of model biases is outstanding, but could be very valuable.
• Prior error estimates for models and data. A necessary input for ocean DA is prior information about data and model uncertainties, including biases. 
III. Approaches and Methods
Sustain • DA for model and forcing improvements. The success of DA depends on the quality of forward models and boundary conditions. Both have to be improved through repeated re-analyses and evaluations of data-model misfi ts. DA schemes should be extended to guide such improvements.
• 
IV. Observations and Observing Systems
Bolster rigorous DA research and applications to optimize the design of observing systems, control the quality of measurements and adjust observational plans through adaptive sampling.
• Observing system optimization. In the past observing systems were set empirically. Through DA, one can now evaluate individual data sets and their role in constraining the estimate and helping our understanding of the ocean. Such optimization of the observing system using rigorous DA must be sustained. This allows revisiting the observing strategy and continuously adapting the network to the evolving dynamics as well as to new science questions.
• Ocean data quality control. 
VI. Required Infrastructures, Education and Funding
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